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ABSTRACT 


>  Three  component  teste  of  models  of  small  caliber  projectiles  (Cal. 
.50,  Cal.  .60,  and  2Qnm)  were  conducted  in  the  Aberdeen  Wind  Tunnels 
at  a  Mach  Nunber  of  1.72  to  provide  aerodynamic  data  at  high  angles  of 
attack.  These  results  are  to  be  used  for  computing  the  forces  and 
motion  imparted  to  a  projectile  when  fired  from  high-speed  airoraft. 
All  projectiles  were  aerodynamics lly  unstable.  The  addition  of 
rifling  increased  the  fore  drag  coefficient  with  little  effect  on 
lift  and  moment  curve  slopes.  The  test  results  are  presented  in 
graphs  of  aerodynamic  coefficients  as  a  function  of  angles  of 
attack. 
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INTR0DU3  TION 


This  report  presents  the  result*  of  tests  on  three  small  caliber 
projectiles  (Cal.  .50,  Cal.  .60,  and  20mm)  in  the  Aberdeen  Superfionio 
Wind  TunnelB  at  the  request  of  the  Office  of  the  Chief  of  Ordnance. 

These  tests  were  conducted  to  determine  the  stability  characteristics 
at  large  angles  of  attack  for  the  small  projectiles.  The  results  of 
these  tests  are  to  be  used  to  calculate  the  motion  of  small  projectiles 
fired  from  moving  airoraft.  Although  the  projectiles  are  spin  stabilized 
in  flight,  the  tests  were  made  wfthout  spin,  and  the  results  must  be 
interpreted  with  this  condition  in  mind.  The  effect  of  rifling  on  the 
two  small  caliber  projectiles  (.50  and  .60)  was  determined.  These 
tests  were  performed  at  Mach  Number  1.72  during  the  period  between 
25  Nov«nOer  1947  and  1  Decsnber  1947. 

DEFINITION  OF  SY11B0I8 


TS 


mb 

q 

l 

N 

DT 

m 

CL 

CN 


Supply  pressure 

Test  section  static  pressure 


Pressure  on  model  base 

ip  r  • - 


Lift  force 

Normal  force 

Total  indicated  drag 


1  ♦  -~j.  lfa2 

2 


■*7 (T^) 


Lift  force  coefficient 


'°B 


Pitohing  moment  about  the  center  of  gravity 

L 

w 

N 

Normal  force  coefficient  «  - 

qA 

Dt 

Total  indicated  drag  coefficient  *  — T_ 

qA 

(pTS  "  ?mb)h 


Base  drag  coefficient 


q* 


S 


f 


Re 

fi 

M 

V 

Ma 

S 

A 

d 

*b 

db 


Fore  drag  coefficient  ■  Cj^  - 

m 

Pitching  moment  coefficient  ■  — 

qA 


Reynolds  Humber  * 

Air  density 
Viscosity 
Velooity 
Mach  Humber 

Ratio  of  specific  heats  *  1.405 

Model  frontal  area  *  -1£~  d2 

Maximum  body  diameter 

TT  2 

Model  base  area  *  ” 

Diameter  of  base 


APPARATUS 

The  tests  reported  in  this  Technical  Hote  were  performed  in  the 
Bomb  Tunnel  of  the  Ballistic  Research  laboratories,  Aberdeen  Proving 
Qround.  This  tunnel  is  a  continuous  operation,  closed  throat,  variable 
density,  supersonic  wind  tunnel  with  a  15  by  20  inch  rectangular  test 
seotion. 


The  tunnel  is  equipped  with  a  three-component  hydraulic  balance 
system  with  the  following  characteristics* 


High  Scale  Low  3oale 


Component 

Capacity 

least  Count  Capaoity 

least  Count 

Lift 

+100  to  -100 

lb 

0.2  lb 

+25  to  -25  lb 

.05  lb 

Drag 

0  to  100  lb 

0.1  lb 

0  to  20  lb 

.02  lb 

Moment 

+800  to  -800 

in-lbs 

2.0  in- lbs 

♦200  to  -200  in-lbs 

0.5  in-Jb 

MODELS 

2,  and  3  show  the  principal  dimensions  of  the  model 


Figures  1, 


configurations  tested.  The  models  were  equipped  with  offo e-  struts  because 
of  the  limitations  of  the  balance  range  in  angle  of  attack.  All  the  models 
tested  werG  two  inches  in  diameter.  Figures  4  and  5  show  section  views 
of  the  axial  and  offset  strut  installations  with  the  alternate  bases. 
Figures  6  through  14  are  photographs  of  the  various  models  and  their 
component  parts,  as  well  as  the  support  strut  and  strut  fairings.  The 
models  were  constructed  of  aluminum,  the  strut  was  made  of  steel,  and 
the  windshields  or  strut  .airings  were  Ui ueu  from  brass.  Each  base 
section  was  equipped  with  three  holes  to  transmit  model  base  pressures 
through  the  hollow  supporting  strut  to  an  absolute  manometer  for  base 
pressure  determination. 


TEST  PROCEDURE 

The  models  were  installed  on  the  tunnel  center  line.  Angles  of 
attack  from  -10  to  +10  degrees  were  covered  with  the  tunnel  at  a  constant 
supply  pressure  of  49  om  of  Hg  abs.  at  Ms  1.72.  Using  the  alternate 
bases,  the  angle  of  attack  range  from  +5  to  +25  degrees  was  covored  at 
the  same  supply  pressure.  Lift,  drag,  and  pitching  moments  were  meas¬ 
ured  with  the  hydraulic  balance  system.  Supply  air  temperature  and 
pressure,  model  base  pressure,  and  test  section  static  pressure  were 
also  recorded.  To  prevent  flow  in  the  annular  space  between  the  model 
support  strut  and  strut  fairing,  the  pressure  in  that  space  was  main¬ 
tained  equal  to  the  model  base  pressure  for  all  conditions.  The  supply 
section  total  pressure  (P0)  was  measured  by  a  total  head  tube  in  a  64- 
inch  diameter  section  upstream  of  the  nozzle.  The  supply  temperature 
(Tq)  was  measured  by  thermocouples  in  the  supply  section. 

During  all* tests,  the  supply  pressure  was  maintained  at  49  cm  Hg 
abs.  giving  a  constant  dynamic  pressure  of  3.61  lbs.  per  square  inch  aral 
a  constant  Reynolds  Number  of  0.21  x  10®  per  inch.  The  characteristic 
length  of  the  models  was  2  inches.  Throughout  the  test,  the  supply 
section  temperature  was  100°F,  and  the  supply  air  specific  hwidity  ms 
maintained  below  .00020  lbs.  per  lb. 

Sohlieren  photographs  were  taken  using  a  parallel  beam  optical 
system  having  two  18”  mirrors  of  15*  focal  length. 

RESULTS 


The  force  and  moment  data  obtained  are  presented  in  Figures  15 
through  19.  All  data  have  been  reduced  to  coefficient  form  using  the 
relationships  given  in  the  Definition  of  Symbols.  The  reference  length 
of  the  models  was  the  maxima  body  diameter  of  2.00  inches.  The  c.g. 
locations  chosen  for  the  tests  are  listed  as  follows* 


Model  Configuration 

in 

UaJWers  from  the  Base 

Caliber  .50 

1.466 

Caliber  .60 

1.766 

20m. 

1.719 

Figures  20  through  22  show  the  looation  of  the  center  of  pressure 
an  a  function  of  angle  of  attack  for  all  configurations,  calculated 
from  wind  tunnel  data. 

The  angles  of  attack  have  been  corrected  for  a  deflection  of  the 
supporting  strut  under  load.  The  change  in  indicated  pitching  moment 
dua  to  strut  bending  was  computed  and  was  in  all  cases  smaller  than  the 
uncertainty  due  to  balance  inaccuracies.  The  lift  and  moment  curves 
have  been  translated  so  that  they  pass  through  the  origin.  This  was  an 
attempt  to  correct  for  the  variation  of  flow  inclinatiqn  over  the  pro¬ 
jectiles. 

Previous  tests  have  shown  that  the  type  of  support  vised  with 
these  models  can  influence  the  model  base  pressure,  and  thus  the-  total 
drag,  but  that,  in  general,  the  flow  over  the  portions  of  the  model 
other  than  the  base  is  not  affected.  The  effect  of  the  strut  is  limited 
to  the  wake,  and  consequently,  appears  only  as  a  change  in  model  base 
pressure.  Accordingly,  the  drag  coefficient  data  presented  in  Figures 
16  through  19  are  obtained  by  subtracting  frcm  the  drag  coefficients, 
determined  by  the  wind  tunnel  balance  results,  the  base  drag  coefficients, 
determined  from  measurements  of  the  model  base  pressure  and  model  base 
area.  The  resultant  fore  drag  coefficients  are  felt  to  be  free  of  strut 
interference  effects. 

Accuracy 

In  general,  the  wind  tunnel  balance  system  can  be  expected  to  have 
no  error  greater  than  about  three  least  counts.  The  angle  of  attack 
measurements  are  considered  reliable  to  within  about  C.05  degrees.  The 
resultant  uncertainties  in  the  coefficients  are  as  follows* 

Cjj  —  0*005 

CD  -  0.002 

C  -  0.026 

m 

D1SCUSSI0B 


Drag  Data 

'  From  the  data  of  Figures  15  through  19,  the  following  values  of  the 


fore  d:ag  coefficients  at  zero  angle  of  a 

Table  I 


k  were  obtained 


Configuration 

Fore  Drag  Coi 

Caliber  .50 

.162 

Caliber  .50  (Rifled) 

.166 

Caliber  .60 

.180 

Caliber  .60  (Rifled) 

.182 

20mm 

.270 

f''.e  rifling  caused  an  increase  in  the  drag  coefficient  as  might  be 
expectw-d. 


Normal  Force,  Moment,  and  Center  of  Pressure 

dCw  <?c 

Table  II  shows  values  for  m  at  zero  degrees  angle  of  attack, 

d  ot  doc 

and  calculated  C.P.  locations. 


Table  II 


Configuration 

N 

d  ©c 

m 

d  cx. 

C.P.  Calibers 
From  the  Base 

Caliber  .50 

.047 

.070 

2.96 

Caliber  .50  (Rifled) 

.047 

.073 

3.02 

Caliber  .60 

.047 

.070 

3.26 

Caliber  .60  (Rifled) 

.047 

.073 

3.32 

20mm 

.047 

.056 

2.91 

The  normal  force  c  irve  slope  at  zero  angle  of  attack  for  all  con" 
figurations  tested  was  the  same.  Rifling  produced  a  small  change  in 
the  manent  curve  slope.  For  the  assuned  c.g.  locations,  tabulated  on 
page  5,  all  configurations  showed  an  overturning  moment,  which  produces 
a  destabilizing1  effect. 

Effect  of  large  Angles  of  Attack  » 


The  data  indicate  that  as  the  angle  of  attack  is  increased  above 


about  6  degrees,  the  center  of  pressure  shifts  rearward,  and  the  normal 
force  curve  slope  increases.  These  phenomena  appear  to  be  associated 
with  the  thickening  of  the  boundary  layer  over  the  after  body.  Sohlieren 
photographs  of  these  projectiles  show  a  thick  boundary  layer  region  for¬ 
ming  first  near  the  baok  of  the  upper  surface  of  the  body  and  traveling 
forward  with  increasing  angle  of  attack,  see  Figures  23  through  26.  As 
the  boundary  layer  increased  with  angle  of  attack,  the  effective  upper 
body  surface  was  modified  by  the  acoisnulation  of  boundary  layer  sir.  A 
or os s -Sectional  view  below  will  illustrate  the  change  in  the  shape  of 
the  surfaoe. 


The  center  of  pressure  moves  further  aft,  and  the  normal  force  curve 
slope  increases  until  the  angle  of  attack  reaches  about  26  degrees.  In 
tho  neighborhood  of  26  degrees,  the  variation  of  center  of  pressure  and 
slope  of  normal  force  curve  is  nearly  zero.  These  results  appear  in 
Figures  15  through  22. 

Center  of  pressure  locations  in  calibers  from  the  base  for  CX  =  26° 
and  o(  *  0°  are  listed  on  the  next  page. 
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Table  III 


c\  =  26°  ° 

■  0° 

Configuration 

C.F.  Location  in 
Calibers  From  Base 

C.F.  Location  in 
Calibers  From  Base 

Caliber  .50 

2.28 

2.96 

Caliber  .50 

(Rifled' 

2.35 

3.02 

Caliber  .60 

2.40 

3.26 

Caliber  .60 

(Rifled) 

2 .45  ^ 

3.32 

2Qnm 

2.19 

2.91 

CONCLUSIONS 

The  entire  group  of  small  projectiles  tasted  were  found  to  be  aero¬ 
dynamic  ally  unstable. 

The  addition  of  rifling  on  the  Caliber  .60  and  .60  projectiles 
produced  an  increase  in  the  fore  drag  coefficient  and  slightly  increased 
the  moment  curve  slope. 

At  large  angles  of  attack,  a  rearward  travel  of  the  center  of 
pressure,  and  an  increase  in  the  slope  of  the  normal  force  curve  were 
observed.  These  effects  were  apoarexrtly  due  to  the  increasing  thickness 
of  the  boundary  layer  over  the  upper  surface  of  the  after  body. 
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MS  341 „  MS343 

DIMENSIONS  IN  INCHES  AA  S  434^  MS437 

SUPERSONIC  WIND TUNNELSt SEPT. '48 


2.0815  Dl r. 
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SUPERSONIC  WIND  TUNNEL STSEPT/48 


I 


IS 


FIGURE  7.  MS  330,  20mm  ProJccUlo,  Wind  Tunnol  Modol. 


FIGURE  9.  MS  435,  Cal.  .50  Projcctllo  (Rifled),  Wind  Tunnel  Model, 


FIGURE  13.  MS  343,  Cal.  .60  Projectile,  Wind  Tunnel  Model. 
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FIGURE  23.  Schlieren  photograph  of  the  Caliber  .60  (rifled)  projectile  model 
at  a  =  +10°  to  centerline  of  flow.  The  offset  strut  is  used. 


FIGURE  24  Schlieren  photograph  of  the  Caliber  .60  (rifled)  projectile  model 
at  a  -  v25°  to  centerline  of  flow.  The  offset  strut  is  used. 
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FIGURE  25.  Schlleren  photograph  of  the  Caliber  .50  (rifled)  projectile  model 
at  a  *  t5°  to  centerline  of  flow.  The  offset  strut  Is  used. 


,  V. 


•V. 


FIGURE  26.  Schlleren  photograph  ol  the  Caliber  .50  (rifled)  projectile  model 
at  a  -  22°  to  centerline  of  flow.  The  offset  strut  Is  used. 
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